Abstract -A reconnaissance survey carried out within the territory of Sagalassos yielded vast amounts of unknown ceramic wares, tentatively dated to the Archaic, Classical, and Hellenistic periods. An archaeometric programme including geochemical analysis and applied multivariate statistics was applied in order to grasp the diversity of the wares and consequently identify variability in production. Within the chemical spectrum, it becomes clear that at least two large production groups exist, with a substantial 'internal' distribution of wares. Elemental evidence supports the hypothesis of a local production of ceramics related to the geographical situation of the sites.
Introduction
Mineral resources within the territory of Roman Sagalassos (Pisidia, SW Turkey) were used for the production of a wide array of artefacts, especially pottery. During several survey campaigns, sites were revisited and discovered within the study area, spanning the Epipaleolithic to late Ottoman times, reconstructing regional occupation ( Vanhaverbeke and Waelkens 2003) . At each of the surveyed sites, 'grab samples' were taken of the artefacts present. Sites belonging to the Archaic, Classical, and Hellenistic period were identified. These were situated at focal points within the entire territory, seemingly producing a wide array of pottery. Crucial questions that remain pertain to how and when these activities and the associated socioeconomic patterns occurred.
The main purpose of the study was to fingerprint the material belonging to six sites (Düver, Seydiköy, Hisar, Kepez Kalesi, Belören, Kozluca and Aykırıkça; Fig. 1 ) attested in the study area which was later to become the territory of Sagalassos (Vanhaverbeke and Waelkens 2003; Degryse and Waelkens 2008) . In this case, the extent of geochemical diversity of the wares is important in order to explain possible variability in production. In addition, determining the scale of distribution and circulation of these wares on a regional level is of importance, as it would allow a synchronic and diachronic socio-economic pottery study, and identifying production in the region from the Archaic period into Classical and Hellenistic times. In addition, the question of whether the growth of Sagalassos as a regional centre in Pisidia can be measured against regional production of the ceramics needs evaluation. the main fabric groups that are most substantially represented on each site for chemical analysis. In this selection, rare fabric groups, representing only a marginal amount of the sherds encountered, were not sampled. Nevertheless, the characteristics of these ceramics need to be explored in future work.
A classification of ceramics dating from the Early Iron Age (and thus the Archaic period) in Southern Anatolia was proposed by J. Mellaart (1954 Mellaart ( , 1955 , incorporating Phrygian-influenced grey wares, Southwest Anatolian painted wares ('black on red', 'black on buff', and 'bichrome black and red on buff') (Birmingham 1964; Aydal et al. 1997) , Central Anatolian wares, 'red on buff', and 'black on purplish grey' wares; all incorporating geometric decoration patterns.
As the survey of the area carried out by the Sagalassos archaeological team continued, only occasional sherds could be ascribed to a Southwest Anatolian 'black on red' tradition (Poblome and Degeest 2003; Talloen et al. 2006) . In this respect, no grey wares, commonly associated with the contemporaneous Phrygian tradition were recorded, nor was any other class of geometric decorated pottery.
Although no immediately identifiable wares belonging to the categories identified above were recognised, most sites in the region exhibited a fairly macroscopically similar assemblage of wares. These included relatively high-fired, wheel-thrown oxidised coarse wares, ranging from light orange to dark reddish brown sherds, as well as a partly slipped finer group of wares. These more levigated wares, although dissimilar in quality from the defined Southwest Anatolian wares, often bear some banded slipped decoration in various forms, representative of the so-called 'matt-painted' wares. After the macroscopic assessment, it has been noted that ware groups seem to circulate and are not restricted to any one site. Also, infrequent amounts of Classical-Hellenistic pottery were retrieved at nearly all sites, suggesting a (partial) occupation of the sites, whether or not continuous, during the 5 th -2 nd centuries BC.
This suggestion was based on typological analogies of echinus bowls and sparse Achaemenid bowls, omphalos bowls, fishplates, and more generic technomic types (Robinson 1950; Sparkes and Talcott 1970; Rotroff 1997 Rotroff , 2006 Çokay-Kepçe 2006) . In this respect, mostly an 'orange' coloured type of wares seemed to have been used, for common wares, cook wares, and table wares alike, thus suggesting several varieties of levigation and/or inclusions. Less frequently, a bleaker, 'white' type of ware was attested.
Samples (Table 1) include material from the site of Düver, which had been occupied already during the (Late) Bronze Age, as suggested by the few Mycenaean pottery remains in the area (Mee 1978; Mellaart and Murray 1995) . Düver is situated on a promontory overlooking the salt lake of Yarısli, surrounded by fertile plains (Waelkens and Loots 2000) . At the site, Archaic material was collected, of which some sherds are richly decorated with a geometric pattern, dated to the 8 th -6 th centuries BC, and related to a Southwest Anatolian tradition (Birmingham 1964; Cummer 1970; Waelkens and Loots 2000) . Two groups of grey-cored 'Düver' technomic wares were discerned along with generic 'orange' wares, and brown and red slipped wares that were associated with Classical-Hellenistic traditions and 'buff' technomic wares. No Phrygian influence was visible in the ceramic assemblage, despite the presence of Phrygian-influenced architecture at the site (Waelkens and Loots 2000; Talloen et al. 2006) . The site of Kozluca also procured significant amounts of both Archaic and Classical-Hellenistic pottery (Waelkens and Loots 2000) , albeit somewhat different in nature from the material from Düver at first sight. The locations of Düver and Kozluca are of rather significant importance, as both sites controlled part of a road system linking Central and Western Anatolia with the Southern coast of Turkey (Waelkens and Loots 2000) . Ceramics at Aykırıkça include a coarse, 'typical' dark grey reduced fabric, abundantly present at the site, and buff-reddish sherds with occasional traces of painted decoration. No sherds dating to the Classical-Hellenistic period were found within the survey Figure 1 . Approximate location of the studied sites on a geological map of the study area, indicating the major geological units within the region. The geochemistry and distribution of Archaic, Classical, and Hellenistic wares of the territory of ancient Sagalassos assemblage. However, it was suggested that the site was abandoned and related in Hellenistic times to the site of Hisar Vanhaverbeke and Waelkens 2003) . The 'typical' dark reduced Aykırıkça fabric was, however, not attested at Hisar; instead, several likely Classical-Hellenistic ware 'buff' and 'orange' ware groups were sampled. The Archaic site of Belören -a hilltop sitedeveloped into a Hellenistic city, Keraitai , which is represented in the ceramic assemblage by a collection of Archaic related 'matt-painted' wares, grey and brown slipped table wares, and a wide array of 'white', 'orange', and other oxidised common ware groups, as well as related tile fabrics. In the centre of the study area lies the settlement of Kepez Kalesi, also situated on a promontory overlooking a fertile valley. The main occupation of the site was dated to the early Hellenistic period, although pottery remains suggest an earlier substrate with reference to the matt-painted wares The geochemistry and distribution of Archaic, Classical, and Hellenistic wares of the territory of ancient Sagalassos . The accuracy and precision were consequently high (less than 2-3%), as expected from the application of this technique. Statistical procedures were conducted to visualise the raw data, and to document and explain the variability and importance of the elements measured as compared to the local geology. After logarithmic transformation, the data set was analysed to identify outliers by means of robust Mahalanobis distance and standard residuals, resulting in the removal of three samples (36, 47, and 48) from the dataset. A log 10 transformation of data is desirable to balance the magnitude between major and trace elements.
Results and discussion
Following the use of Principal Component Analysis (PCA) as a survey tool for elemental distribution (Fig. 2) , the results showed, from a site perspective, a large variation correlating to a certain extent with the geographical situation. The variation is explained to a proportion of almost 76% for the first two components. Sherds collected at Düver and Kozluca occupy a different region of the plot, with a small group from Düver distinguished from the main group by higher values of Cr, Ni, Co, MgO, Sc, and CaO. The rest of the sites group together, spanning different compositional groups differentiated by variations in either MgO, CaO, and Sc; Co, Cr, Ni; Rb, K 2 O, Cs, Sr, Ba, Th, Na 2 O and the REEs.
The issue of discriminating production workshops within the chemically distinguished zones was approached by analysing data from the regions under consideration. Hierarchical cluster analysis using Ward's method (Ward 1963 ) and squared Euclidean distances was applied (Johnson and Wichern 1992) for both the Düver-Kozluca assemblage and the Aykırıkça, Kepez Kalesi, Belören, Hisar and Seydiköy assemblages to evaluate ware groups. The dendrogram resulting from the hierarchical cluster analysis is reproduced in Fig. 3 . Descriptive statistics of the measurements are provided in Table 3 .
The cluster analysis shows a similar grouping pattern as previously shown with the PCA, resulting in six cluster groups. Because of large distance values, these were normalised to 100 (DLink/DMax * 100) to allow an overview of the groups. When looking at the raw chemical data, cluster E exhibits a wide variety of values; therefore, it should be possible to discriminate between the products from this large cluster. This analytical data was analysed separately from the other groups, in more detail, by a subsequent cluster analysis. This resulted in the discovery of four possible (sub)groups (labelled E-1 to E-4; Fig. 4 The geochemistry and distribution of Archaic, Classical, and Hellenistic wares of the territory of ancient Sagalassos Groups E-1 through E-4 show a large variability and do not present consistent signals; their main attribute is the absence of any substantial REE enrichments. Also, no Th, Ta, or Hf enrichment is visible. Instead, this group is mainly distinguished by a substantial CaO, Sr, Cr, and Ni enrichment, and a Na 2 O depletion for group E-1. Within group E-2, the Cr and Ni enrichment is absent, and instead a Ba and Co deficiency seems present. In terms of the rare earth elements, no noteworthy Eu anomaly is visible. Groups E-3 and E-4 are highly similar, and no strong high or low values can be indicated apart from a small Cr, Ni, Th, and LREE enrichment as compared to NASC. Variations are noted in CaO, K 2 O, Na 2 O, and Sr values.
Two distinct signals are accounted for within cluster F, easily recognised and highly distinctive from the previous clusters mentioned. As such, all samples have a strong enrichment in CaO, TiO 2 , Sc, and most explicitly in Cr and Ni. Samples 23 and 32 are however more strongly depleted in K 2 O, Ba, Sr, Hf, Ta, Th, and LREE. In particular, the general pattern of the REEs seems to suggest a different resource usage.
Sample 42, belonging to cluster G, can be described as an 'outlier' and varies substantially from the other signals, as also detected in the PCA. It appears reasonable to describe this sherd as 'non-local'.
It becomes clear that clusters A, B, C, and D mainly contain material from Kepez Kalesi, Belören, Hisar, Aykırıkça, and Seydiköy, whereas clusters E and F are dominated by material found at Düver and Kozluca. When examining the geological substrate of the region, it becomes clear that an intricate network of ophiolite, flysch, and limestone beds is situated in the eastern part of the study area, opposite to the lake sediments in the area of lake Burdur (Düver, Kozluca). This aspect is in agreement with the elemental evidence. High Fe and Ni (and compatible Cr) values may reflect a mafic parent rock of the clay raw material. Moreover, Cr is also commonly accumulated within the clayey matrix itself. This regularly dispersed as an accessory element in zircon, sphene, epidote, and apatite, and thus commonly related to igneous rocks. Sr substitutes for Ca in plagioclase and may be the result of the weathering of carbonates and plagioclase. Na is generally attested in feldspars and Na-rich mica. Highly compatible alkali metals and high field strength elements (Zr, Hf) generally do not show significant variability, an aspect which may reflect the absence of felsic-based raw material. Clusters E-4 and F, on the other hand, show a very strong depletion of alkali metals, arguing for a very different resource. Differences between the two production regions seem easily detectable by examining the REE pattern, which is far less pronounced in clusters E and F. These two clusters are, in addition, lacking a strong positive Eu anomaly under the NASC normalisation of the data. Moreover, La is mainly enriched The geochemistry and distribution of Archaic, Classical, and Hellenistic wares of the territory of ancient Sagalassos Table 3 -continued in feldspars under weathering conditions, biotite, apatite, pyroxene, and precipitated in limestone (Wedepohl 1978) , suggesting an association with the mineralogy of the immediate hinterland of the mountainous region in the eastern part (Rollinson 1993; Muchez et al. 2008) .
No absolute technological or chronological patterning can be ascribed to any of the clusters. However, it becomes clear that cluster A encompasses mainly material characteristic for the site of Aykırıkça, associated with a well-defined Archaic 'fabric' group. This seems consistent when evaluating material attributed to cluster B by focusing on the same type of ware groups.
The extent of chemical variability remains consistent for cluster C, even though mostly 'orange' wares are attributed to this group. 'Matt-painted' sherds seem to concentrate within cluster D, along with other slipped ceramics. It is possible that the higher CaO in cluster D is significant as a provenance indicator, or at least as an indicator of some significant recipe pattern for these wares; this possibility remains to be tested. Cluster E shows a more complex pattern. Although statistically relatively close clusters, variability between the subgroups seems more elaborate than with previous clusters. In this respect, subgroup E-1 is composed of a wide variety of wares incorporating socalled 'matt-painted', 'buff', 'orange', 'white', 'grey-cored', and dark coloured Archaic ceramics. At this point, it is virtually unfeasible to offer interpretations for this group, except for its high circulation. Another explanation for this group composition is the statistical reflection of the mixing of resources as both high Cr, Ni, CaO and Sr values, and depletions of Na 2 O, Th and REEs reflect. Cluster E-2 is similarly composed of 'orange', 'white', and Southwest Anatolian wares, while only characterised by low REE and Th values, together with strong variability in Na 2 O, Sr, Cr, Co, and Cs. Clusters E-3 and E-4 are exclusively composed of Düver material, strongly suggesting that these ceramics were locally produced, given the presence of all ceramic categories ranging from the Archaic to the Hellenistic period. A conservative use of mineral resources seems manifest, as for example both 'black on red' ceramics and Hellenistic red slipped tableware have a nearly identical chemical pattern. Also, on a synchronic scale, local 'black on red', 'matt-painted' and technomic ceramics were produced from this quite homogenous resource, indicating a socially stratified community and a specialisation of the pottery craft. Chemically, the sherds attributed to cluster F show the most significant deviation from the other clusters, as mainly recognisable in REE pattering and the depletion of alkali metals. As such, these sherds appear to be derived from alternative resources not readily associated with the study area. Again, material from this cluster adds to the variability of wares and provenance at Düver. It is remarkable however that no sherds with a signature of The geochemistry and distribution of Archaic, Classical, and Hellenistic wares of the territory of ancient Sagalassos the eastern mountainous region were found at Düver, while the opposite pattern is clearly visible in the dataset.
It can be concluded that the wide array of technomic wares attributed to the Archaic period, especially at Aykırıkça and Düver, are consistent in production. These present the picture of a more restricted local production, quite diversified internally, and with only limited circulation. Possibly, this could even be indicative of political or socioeconomic differences. The category of 'matt-painted' wares seems a regional phenomenon covering a wider distribution. The 'orange' ware group also seems to represent a consistent widespread pottery practice in the region, which, although mainly attributed to the ClassicalHellenistic period, may already have been produced during the Archaic period. The ceramic assemblages suggest a strong continuity in the use of both sources and technologies, even though the variability documented suggests the presence of several producers.
Conclusions
Geochemical analysis proves to be a robust guide for describing the provenance and circulation of ceramic wares. The application of multi-element plots following statistical procedures is useful both for discerning provenance and/or 'recipe' signals of ceramic groups. Also, it provides the opportunity to examine in detail the effectiveness of the statistical method chosen. As such, some 'statistical' clusters are often of either more or less relevance archaeologically. In this respect, the postdepositional influence on chemical composition in this region remains a topic calling for future research. In this paper, geochemical analysis of a regional pottery assemblage revealed the presence of at least two largely different production regions, corresponding to their respective geological and geographical situations. However, only very limited exchange seems to have taken place between these two regions (the so-callled 'Lake District' and 'Çeltikçı valley system'). Nevertheless, especially when considering Kepez Kalesi, Belören, Hisar, Aykırıkça, and Seydiköy, circulation of wares among these sites seems to have occurred. No attribution to a specific production site can be undertaken, and therefore it is plausible -when taking into account the variation of the wares produced -that several production workshops were active in the region, the scales of which are yet to be determined. From a technological point of view, it is apparent that no distinction in terms of resources was made regarding table wares, cooking wares, or storage vessels. The consistent use of few resources seems to have been employed for all ceramic products. As such, both 'mattpainted' wares and large storage vessels display the same geochemical signal. One could also expect some differentiation or specialisation of the craft chronologically, relating to resource procurement. Instead, the obvious chronological disparity between the Archaic and ClassicalHellenistic material can be accounted for on a technological level rather than related to a substantial change in the organisation of production. This socio-economic pattern and its historical implications represent important aspects calling for future research in this area. 
